This article reports the chemical deposition of silver shells on the surface of microcarbon spheres. The structure, morphology and composition were characterized by scanning electron microscopy and X-ray diffraction. These result show that: concentrated nitric acid can transform the hydrophily of carbon surface; the application of promoting tin-or silver-containing agents that enhance metallic shell deposition by vigorous redox reaction between Sn 2+ or Ag + , is important to the site-selective deposition of silver. The resulting thickness of uniform silver shells on the surface of carbon and the crystal size of silver is 24.8nm. Amount of Ag-C core-shell structure composite can be systematically controlled through adding PVP and modest pH value.
Introduction
Core/shell structured composite materials have attracted extensive attention lately due to their unique properties that could be tailored by varying the diameter of cores or the thickness of shell [1] .These materials are constructed of cores and shells of different chemical compositions and properties, which endow us with the feasibility to combine the advantage or distinctive properties of varied materials together, especially to manipulate the surface functions to meet diverse application requirements [2] .Several approaches have been established for fabricating core-shell structures materials including LBL [3] , electroless deposition [4] , co-deposition [5] and substitution method [6] .Among these techniques, electroless deposition has been regarded as one of the most suitable processes, because of the advantages of simplicity and low cost.
Silver has some attractive properties, such as the highest electrical conductivity of all metals, oxidation resistance, relatively high melting point [7] .It is widely used in electronic industry, electromagnetic shielding coating and military. But its exorbitant price confined its application in residential areas. Some core-shell composite materials with silver shell and non-metallic core can retain the attractive properties of silver and non-metallic which will greatly reduced the cost. Presently, there are plentiful research about Ag/SiO 2 [8] , Ag/PS [9] core-shell structure materials in home and broad. But the silver-shell and carbon-core composite materials have not been reported.
Micro-carbon sphere were steady in physics and chemical and low weight, but it looks darker color limited its application in many fields. Its volume resistivity is low when used as the conductive silicone rubber filler. Based on these, we choose carbon spheres averaged out at 5 µm as the substrate. Through oxidation, Sn 2+ -sensitized and [Ag(NH 3 ) 2 ] + -activated, electroless plating. And then integrated Ag/C core-shell structure composite materials were fabricated.
Experimental Section
The process of prepared Ag/C core-shell structure materials is mainly performed in three steps: hydrophilic treatment; the pretreatment of Sn 2+ -sensitized and [Ag(NH 3 ) 2 ] + -activated; electroless plating. 1g micro-carbon spheres were respectively disposed in concentrated nitric acid, KH-550 and surface active agent with lye. The oxidation treatment process: reflux and stirring for 4 hours in 15mol.L -1 concentrated nitric acid in 100℃; coupling agent surface treatment: 1×10 -5 mol.L -1 KH-550 with ultrasonic for 2 hours; alkali liquor: 0.1mol.L -1 NaOH and 10 -5 mol.L -1 C 12 H 25 OSO 3 Na, stirring for 2 hours in 60℃. After the carbon spheres were oxidation treatment, it was sensitized in Sn 2+ solution (8.9×10 -2 mol.L -1 )for 10 min, rinsed with DI water, and then was activated in 1.2×10 -2 mol.L -1 AgNO 3 for 10 min. The additional AgNO 3 solution was removed before it was immersed in the main plating solution. PVP was used as inhibitor in this electroless plating. The plating process was carried out at room temperature.
The morphology and the thickness of the silver film were investigated by using HitachiS-4700 Joel scanning electron microscope (SEM). The Thermo ARL SCINTAG X'TRA X-ray diffraction (XRD) were used to research the crystalline grain .
Results and Discussion

Surface hydrophilic treatment of the carbon spheres
There are some kinds of impurities, oil were adsorbed in the carbon surface or some kinds of hydrophobic groups in the surface, which led the carbon spheres were not scatter in water, as show in Fig.1(a) .So the hydrophilic treatment was necessary. We took three routes to handle the carbon spheres: concentrated nitric acid oxidation; KH-550;alkali liquor with C 12 H 25 OSO 3 Na,then observe the dispersion in water, as show in Fig.1(b-d) . Fig.1(a) shows that non-treatment carbons were floated in water and attached with the glass test tube, just only few carbon dispersed in water. When used KH-550 and alkali liquor with C 12 H 25 OSO 3 Na handled with the carbons, we can see that they have the similar phenomenon in water, but the KH-550 made carbon reunion more easily, as show in Fig.1 (c-d). However, when handed with concentrated nitric acid oxidation in 100℃, the carbon spheres can easily dispersed in water, as show in Fig.1(b) . The possible reasons may be that: the concentrated nitric acid has strongly oxidizing property in high temperature. The strong oxide etching effect not only can remove the oil and impurities but also can made the hydrophobic groupings were changed into hydrophilic group and appear some -OH,-COOH in the carbon surface which greatly improved the hydrophilic. The coupling agent and alkali liquor with C 12 H 25 OSO 3 Na did not have the oxide etching effect to the carbon, the hydrophilic group was just connected with carbon in physical adsorption, when the medium changed, the connection was broken. Leading Edge of Micro-Nano Science and Technology
Site-selective deposition of silver on carbon surface
Because of the self-catalyzing effect of silver, the silver-plating bath is unstable. The silver ions can be easily reduce to Ag and cause agglomeration because of their high redox potential. These Ag atoms can be act as the silver deposition seeds in solution. So make sure the silver particles could successfully deposited on the carbon surface, the seeds must be formed on the carbon surface before plating [10] . So the pretreatment of sensitization and activation must be done.
The concentration of Sn 2+ in sensitization solution has important effect to the silver films. Fig.2 shows that the concentration of Sn 2+ has important effect to the silver nucleus. When the concentration of Sn 2+ is 9×10 -2 mol.L -1 , silver nanoparticles can well-distributed on carbon surface, as shown in Fig2(b).The concentration of Sn 2+ is on the low side or high side, the deposited silver crystals on the carbon surface. But when the concentration is on the high side, the silver crystals begin united and formed massive silver particles. The low concentration of Sn 2+ reduced few silver when activation and the high concentration can reduced superfluous silver which are directly influence the activation effect. 
The deposition of silver on the carbon spheres
The reaction mechanism of the silver plating process can be expressed as follows: The PH value and reducing agent have an important influence to the stability of solution and the reduction rate from the reaction mechanism. So the formaldehyde and glucose were chose as the reduction agents, and then research the influence of morphology, as show in Fig.3 .
Fig.3 The morphology of micro-carbon spheres by different reductive agent:(a) methanol; (b) glucose
When the glucose as the reducing agent, homogeneous, integrated silver coating was obtained. While the formaldehyde as the reducing agent, the obscission is serious, as show in Fig.3 .This may be refer to the silver deposition rate. The silver ions were restored quickly when the formaldehyde as the reducing agent [11] . The place where have silver nuclear would growing up quickly into silver particles, however at microscopic scales, the silver nuclear were didn't uniformly distributed From the silver deposition behavior and the reaction mechanism, we can knew that the PH value had an significant function. When the pH value rose, the balanced reaction moved to right and the ration of silver ions were deoxidized to metallic silver is very fast. So numerous metallic silver were separated out in solution. The mixed sequence between reduction solution and Tollen's Test can be used to regulate the pH value of the mixed solution. The Tollen's Test pH is about 12.5, yet the reduction solution pH is about 7.4. When the reduction solution was dropwise added into the Tollen's Test, the area where the reduction reaction was happened has a similar pH value to the Tollen's Test. So the ration of silver ions changed into metallic silver is rapid. In order to realize the silver crystal direction growth, the response must be controlled the early silver crystal of slow growth, so we used the previous ways. As can be seen from the Fig.4 , appropriate pH value can obtained uniform silver coating layer. Low pH led to slow reaction speed which made the silver layer isn't complete and high pH made the silver crystal growth bulky, at the same time, some whisker structure were easily growth in other place. In order to realize the silver nuclear directional deposited on the carbon spheres and prevented silver particles grow up, we can add some surfactant into the reaction solution. From some reports, we can knew that the PVP has an important function to prepared uniform,compact,integrated silver coating [12] . We discussed the dosage of the PVP in the next study. From the figure 5(a) , we can know that some silver particles were deposited on the carbon surface, but there appear a large number of massive silver particles in the solution. When we improve PVP concentration, the silver particles can mainly deposited on carbon surface, and we can acquire independent and relatively complete Ag/C core-shell structure materials, as show in Fig.5 (b) . When the concentration of PVP was 0.4×10 -3 mol•L -1 , the silver particles not only evenly deposited on the carbon surface and formed compact silver coating, but the silver particles is very small, as show in Fig.5(c) . Continue to increase the amount of PVP against the silver particles depositing. Parts of carbon surface without silver particles deposition and a large number of reunited silver grains were appeared in the solution, as show in Fig.5 (d) . The conceivable reaction mechanism of PVP could be [13] : on one hand, the -OH groups present on carbon surface and PVP could formed hydrogen bonds, and the PVP exist steric effects because of its large molecular weight. All these were beneficial to the dispersion of carbon in solution. On the other hand, the N,O atoms on the caprolactam groups have lone pairs, yet the Ag + have p hybridized orbit which can accept the lone pairs formed coordinate bond. Furthermore, the PVP can promote the silver nucleation rate and formed lots of small silver particles. The absorbed PVP monomer can produce steric effects which could prevent the silver particles together. So uniform and compact silver coating can be prepared with the PVP.
According to the mechanism, we can know that the PVP has faintish affects to the dispersity of carbon and modification of silver when it is in low concentration. The reduction rates of Ag + is immediately, moreover the deposition rates of Ag nucleus is slow and the carbon were not completely scattered, so the silver particles were loose and many nucleus were act upon each other. The crystals growth along the accumulation, then the silver particles with different shape and size were formed in solution. Continue to increase the PVP have reversed effects. The high concentration and the steric clash caused by its high molecular would obstruct the directed deposition of silver on the carbon surface and just only few silver nucleus deposited on carbon. Appropriate dosage is important to prepared integrated Ag/C core-shell composite materials.
The sample of figure 7(c) was analysed by XRD, as show in Fig.6 . In the pattern, four diffraction peaks at 2θ=38.5°,44.5°,64.5°represent the (111),(200),(220) planes of the face-centered-cubic structure of metallic silver, respectively. It is only displayed different diffraction peak of the silver crystal and there is no carbon diffraction peaks which indicated that silver nanoparticles were successfully attached on the surface of carbon spheres. According to the Scherrer formula, we can calculate the diameter of silver is 24.8nm which means that the deposited silver is nanoscale. 
Conclusions
Used the concentrated nitric acid as oxidant can obvious improve the hydrophily of carbon.The treatment with sensitizing and activating can improve the directional selectivity and is significant to acquired compact silver coating. The pH value and surfactant have signally influence to the silver coating. The pH value can regulate the silver reduction rate. Appropriate dosage of PVP can prevent the united of silver.
